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Abstract 
 
Zn/Cr hydrotalcites were synthesised by coprecipitation, with varying pH 
values and divalent/trivalent metal ion ratio.  Depending on the pH conditions, two 3R 
rhombohedral varieties were synthesised with different layer spacings of 7.8 and 8.9 
Å, at room temperature.  More carbonate was incorporated in the interlayer of 
samples prepared at low pH values, increasing the interlayer distance and the unit cell.  
Preparation under acidic conditions lead to a more crystalline, pure and thermally 
stable compound.  Spectroscopy was used to determine the effect of varying the ratio 
of divalent/trivalent metal ion ratio.  It was shown that although ratios >2 yield 
crystalline compounds a ratio of 3 was preferred for both phases.   
 
Key words: Hydrotalcite; Infrared spectroscopy; Synthesis; Thermal analysis; Raman 
spectroscopy; UV-VIS spectroscopy; X-ray diffraction 
 
 
 
 
                                                          
* Corresponding author. Tel.:  +61 7 3864 2184; fax: +61 7 3864 1804 
E-mail address: t.kloprogge@qut.edu.au 
 2
1. Introduction 
 
Hydrotalcite-like lamellar double hydroxides have received growing interest in 
recent years as a result of their endless applications, including the production of 
catalysts and catalysts precursors and the use as anion adsorbents and exchangers, 
medical antacids and ionic conductors [1,2]. 
     Lamellar double hydroxides, also known as anionic clays, are layers materials 
which contain two types of metal cations in the sheets [3].  The general formulae is 
[M2+  M3+  (OH)16]b+[An-  ].mH2O, where M2+ and M3+ are the divalent and trivalent 
cation in the octahedral positions within the hydroxide layers with x normally between 
0.17 and 0.33.  An- is an interlayer anion with a negative charge n, b is the charge of 
the layer and m is the number of water molecules.  According to this formula, it is 
possible to obtain a wide range of such compounds by changing the nature and 
proportions of the metallic cations in the hydroxide sheets and by intercalation of a 
number of solvated anions [4].   
The hydroxide sheets, of hydrotalcites, may exhibit two stacking sequences, 
depending on the nature of the interlayer species and their electrostatic interaction 
with the main layers [4,5].  Hydrotalcite crystallizes with a rhombohedral 3R stacking 
sequence, while the polytype manasseite crystallizes with a hexagonal 2H stacking 
sequence.  Synthetic hydrotalcites normally crystallize in the three layer polytype 
(3R), the other type 2H is usually obtained at high temperatures [5].  Sulphate anions 
have been reported to induce different stacking sequences, 1H.  In a study by Khaldi 
et al. [4] it was shown that depending on experimental conditions the sulphate 
intercalated Zn/Cr -hydrotalcites exhibit two 2H hexagonal varieties with different 
layer spacing at room temperature.  Furthermore, they showed that if synthesis was 
carried out in dry air, the loss of water leads to the formation of two 3R rhombohedral 
varieties.  However, they relied primarily on two characteristic techniques, X-ray 
diffraction (XRD) and Fourier-Transform Infrared Spectroscopy (FTIR).  Although a 
number of studies have involved Zn/Cr/CO32--hydrotalcites, a more systematic  study 
of the effect of varying experimental conditions to this system to acquire a better 
understanding of the interactions between the  carbonate anion and the hydrotalcite 
hydroxylated layers, and to see if similar effects are reported as for the sulphate 
intercalated Zn/Cr –hydrotalcites.   
This study forms part of an ongoing investigation on the effect of reaction 
conditions during synthesis of the hydrotalcite-type minerals to improve their physical 
and chemical properties.  The aim of this study was to obtain insight into the nature of 
the Zn/Cr hydrotalcite-type materials when the experimental conditions are varied and 
to optimise their synthesis.  The main experimental parameter explored was the pH 
value of coprecipitation. The samples were examined on the basis of purity, 
crystallinity, and stability, using a wide range of techniques, particularly infrared, 
Raman and Ultraviolet-visible light spectroscopy (UV-Vis).   
 1 - x           x b / n 
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2. Experimental details 
  
2.1  Preparation 
Hydrotalcites with a theoretical composition of Zn6Cr2(OH)16(CO3).4H2O were 
synthesised by the coprecipitation method [5].  Samples were prepared by varying the 
pH value from 4 to 12; these samples were labelled 1 - 10.  In all experiments 
solutions were added using a peristaltic pump at a rate of 40 ml.min-1, under vigorous 
stirring.  The pH value was maintained constant by adding HNO3 when necessary.  
Samples 1 – 8 had a purplish rose pink to lilac colour, samples 9 and 10 were purplish 
rose red to deep purple in colour.  When the addition was complete, the mixture was 
stirred for a further 1.5 h, during which time the pH value was still maintained 
constant.  All samples were filtered, thoroughly washed in deionised water to remove 
excess soluble ions and oven dried at 60 °C for 1 h.  Selected samples were 
hydrothermally treated at 150 oC for 7 days.  The optimum pH condition was selected 
and a second series of samples were prepared at that pH value by varying the 
divalent/trivalent metal ratio from 3 to 1 by the same procedure as for the previous 
series.   
 
2.2 Characterisation 
2.2.1. Powder X-ray diffraction 
Powder XRD diagrams were recorded on a Phillips wide-angle PW 1050/25 
vertical goniometer equipped with a graphic diffracted beam monochromator.  The 
lattice parameters and intensity measurements were improved by application of an in-
house developed computer-aided divergence slit system enabling constant sampling 
area irradiation (20 mm long) at any angle of incidence.  The radiation applied was 
CoKα from a long fine-focus Co tube operating at 40 kV and 40 mA.  The samples 
were measured in the stepscan mode in the diffraction angle range 2θ from 5 to 75° 
with steps of 0.02° and a counting time of 2 s. A Jade software package (Materials 
Data, Inc.) was used to analyse the data, identification of the existing crystalline 
phases being concluded from the comparison with pre-existing JCPDS diffraction 
data files.  Spectra manipulation and interpretation was performed using TracesV4 
(Diffraction Technology Pty. Ltd.)  and Microsoft EXCEL.  
 
2.2.2. Thermal analysis 
Differential thermal analysis (DTA) and thermal gravimetric analysis (TG) of 
the samples were recorded on a Setaram 2000 (1992) unit.  The samples were 
measured under a stream of argon (20 ml.h-1) at a heating rate of 2°C per minute, 
from 30°C to 1000°C.  Data manipulation and interpretation was carried out using 
Microsoft EXCEL. 
 
2.2.3. Fourier transform infrared and Raman spectroscopy 
The FTIR spectra were recorded using the KBr technique (2 wt.% sample) on 
a Perkin Elmer FT-IR 1000 spectrometer; 64 scans were taken to improve the signal-
to-noise ratio in the wavenumber range 400 – 4000 cm-1, the normal resolution was 4 
cm-1. The Raman spectra were obtained using a Renishaw 1000 Raman microscope 
system, which includes a monochromator, a filter system and a charged-coupled 
device as the detector.  The Raman spectra were excited on a Spectra-Physics model 
127 He/Ne laser (633 nm), scanned for 15 s for 1000 scans and recorded in the ranges 
400 – 1800 cm-1 and 2800 – 4000 cm-1. Data manipulation, such as baseline 
adjustment, smoothing and normalising as well as interpretation, was performed using 
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the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 
USA) and Microsoft EXCEL.  Band component analysis was undertaken using the 
Jandel “Peakfit” software package which enabled the type of fitting function to be 
selected and allows specific parameters to be fixed or varied accordingly. 
 
2.2.4. Ultraviolet-visible spectroscopy 
Powder spectra were recorded on a Varian Cary 3 UV-Vis spectrophotometer, 
equipped with diffuse reflectance accessory, in the region 200 – 800 nm.  The 
accessory consisted of a 73 mm diameter integrating sphere, featuring an in built high 
performance photomultiplier.  The samples were mounted on a coarse filter paper 
(#1), by resuspending the samples and submerging the filter paper into the suspension.  
Initially a baseline was recorded, using two pressed polytetrafluoroethylene reference 
disks.  The sample was then placed flat over the sample port and the reflectance, 
relative to the reference disks, of the samples was collected by the integrating sphere.  
By placing the sample flat any specular components, of reflectance, should be 
directed out of the accessory entrance port, as the angle of incidence is 0 o.  The 
diffuse reflectance measurements were converted into the Kubelka-Munk function 
f(R∞) = (1 – R∞)2/2R∞ where R∞ is the degree of reflection on a sample surface at 
infinite thickness [2,6].  Data manipulation was performed using Microsoft Excel. 
 
3. Results 
 
3.1 Effect of pH on Zn/Cr-hydrotalcite 
 
 The XRD pattern of the synthetic Zn/Cr-hydrotalcites, prepared by varying 
the pH value from 4 to12, is shown in Fig. 1.  Most samples show relatively sharp 
symmetric (003) hkl reflections at large d values and broad asymmetric reflections at 
small d values where h, k, and l are the Miller indices and d the spacing between the 
crystallographic planes.  This figure shows the presence of two different phases, 
depending on the pH of preparation.  Samples 1 to 7 (pH = 12-7) have (003) 
reflections at d ≈ 7.8 Å, corresponding to a basal spacing of 23.4 Å (c-axis).  
Consequently, the stacking order of the brucite-type layers in these samples is 
relatively consistent in the c direction.  The reflections can be indexed hexagonally 
like hydrotalcite with rhombohedral stacking sequence (3R), with parameters a and c 
of 3.1 and 23.4 Å, respectively, consistent with the finding of Gutman and Müller [2].  
The patterns of these samples are similar to that of natural stichtite 
(Mg6Cr2(OH)16CO3.4H2O), an isostructure of hydrotalcite (Mg6Al2(OH)16CO3.4H2O), 
also containing a three-layered rhombohedral cell, where the (003) reflection is 
usually observed at 7.76 Å [7].  Furthermore, this group of samples posses a purplish-
pink (lilac) colour that is notably similar to the colour of natural stichtite [7].  
Amongst these samples a second phase appears to be present, identified as zincite 
(ZnO), which was also reported in the study by Khaldi et al. [4], however, as the pH 
value decreases the peaks associated with this phase become less prominent.   
 Sample 10 consists of a different phase altogether, which is still ascribed to a 
three-layered rhombohedral hydrotalcite-type material.  This sample differs from the 
previous group in the position of the XRD reflections and the crystallinity of the 
phase.  The (003) reflection is observed at ≈ 8.9 Å corresponding to a c-axis distance 
of 26.7 Å, indicating that this samples has a larger rhombohedral cell (c-axis 
distance), by 3.6 Å, compared to the samples 1-7.  It is postulated that this increase in 
the c-axis distance may be the result of (i) the incorporation of more interlayer species 
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in the interlayer region, or (ii) a change in the ordering of the interlayer and brucite-
like layer species, or (iii) the acidic pH of synthesis may have lead to the intercalation 
of a chromium (III) complex (e.g. [Cr(OH)x]3-x ) or a chromium (VI) complex (CrO42-
).  Another  hypothesis is that the low pH lead to the incorporation of less Cr3+ in the 
brucite-type layers, than at high pH, thus there would be a less positive charge within 
the layers and less attraction for the interlayer species, leading to an increase in the 
distance between layers and thus increase in the c-axis distance.  This sample has no 
secondary phases and is considerably more crystalline than those of the previous 
group.  Another important observation for this sample is the deep-purple colour in 
comparison to the pinkish lilac colour for the previous samples.  Normally a colour 
change usually corresponds to the presence of a different coordination complex.   
 Samples 8 and 9, prepared at almost neutral pH, are ill-organised transitional 
complexes, which show very broad XRD reflections at both high and low d values.  
These two samples appear to be a combination of the two previously observed 
hydrotalcite-type phases and in the (003) reflection, in particular, both phases can be 
distinguished.  In sample 8 the (003) reflection has two superimposed peaks, which 
are just resolved, at 7.8 and 8.9 Å, associated with the stichtite-type phase of samples 
1-7 and the hydrotalcite-type phase of sample 10, respectively.  The above 
information indicates that the optimum pH for the synthesis of Zn/Cr-hydrotalcite is 
acidic (≈ 4), where high purity and crystallinity can be obtained without competing 
products, such as ZnO, a product which was observed in samples synthesised at basic 
pH.  The presence of ZnO impurities at basic pH has been observed with other zinc 
containing hydrotalcite-type materials, such as Zn/Al-hydrotalcite  [8]. 
 The TGA and DTA patterns of the samples prepared at variable pH are 
shown in Fig. 2.  Most hydrotalcite-type materials’ decomposition takes place in three 
consecutive steps, resulting in plateaus in the TGA diagram and endothermic effects 
in the DTA pattern  [9,10].  In the case of the first two patterns, samples 2 and 5, the 
first and second weight losses are overlapped.  This stage starts as soon as heating 
commences and is completed by 200 oC, representing ≈ 40 % of the samples weight 
loss.  The DTA pattern shows a complex of several endothermic peaks, with maxima 
at 58 and 175 oC (sample 2).  This stage is associated with the dehydration of surface 
waters and the loss of crystallisation water, which is located in the interlayer region.  
The next stage in the TGA pattern of samples 2 occurs up to a temperature of  ≈ 320 
oC, accounting for ≈ 30% of the samples weight loss.  This weight loss corresponds to 
two broad endothermic maxima centred at ≈ 220 and 297 oC.  The broad DTA peaks 
reveal that the decomposition process is complex, possibly because of the zinc 
impurity observed in the XRD pattern [11,12].  However, these maxima are the result 
of the dehydroxylation of the hydroxide layers, accompanied by a small inflection in 
the TGA pattern at ≈ 220 oC, and the loss of carbonate from the interlayer region, 
respectively.  The end products from this decomposition process were assumed to be a 
mixture of metal oxides and mixed metal oxides. In sample 5 in the final stage the 
dehydroxylation and loss of carbonate are overlapped and show neither identifiable 
endothermic effect in the DTA nor inflection in the TGA pattern.  
 The next three samples (8-10) differ significantly from the first group of 
samples. In samples 8-10 the first weight loss in the TGA pattern corresponds to two 
endothermic maxima, at ≈ 80 and ≈ 155 oC, in the DTA diagram.  This stage, similar 
to the previous group of samples, starts as soon as heating is commenced and is 
completed at ≈ 180 oC, and is ascribed to the loss of surface waters and water 
molecules from the interlayer region.  The region between 230 and 330 oC is the 
temperature range in which these samples differ from the previous, such that TGA 
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plateaus are more defined and endothermic peaks in the DTA are progressively more 
resolved and sharper, 8<9<10.  This phase was identified to be different in thermal 
behaviour than the previous samples, and is less complex.  The weight loss in this 
region is assigned to the dehydroxylation of the hydroxy layers and loss of interlayer 
anion, accounting for 56 % of the total weight loss of this sample.  This reveals that 
originally sample 10 contained more carbonate than the previous samples, since the 
number of hydroxyls in the brucite-type layers is fixed.  The accompanying DTA 
shows a sharp endothermic effect, centred at ≈ 260 oC, which is associated with 
dehydroxylation of the hydroxy layers.  The broad effect on either side is assigned to 
the loss of carbonate, present with a wide range of strengths.  The differences 
observed in this region suggest the presence of different arrangements of interlayer 
and layer molecules.  The hydroxyls present in the brucite-like layer are more ordered 
as they are lost in a small temperature range.  Another major difference between the 
spectra of the two different phases is in the position of the peaks.  Looking at the 
endothermic effect associated with dehydroxylation occurs at ≈ 220 oC in sample 2 
and 5, 240 oC for the transition complex sample (8), and at ≈ 250 oC for sample10.  
These results suggest that sample 10 having the more crystalline phase, is also more 
thermally stable. 
 The infrared spectra of all samples, in order of increasing pH, are shown in 
Fig. 3.  All spectra show a very broad band at high frequency, centred at ≈ 3300 cm-1, 
interpreted as the hydroxyl stretching modes.  Band component analysis of this 
region, for samples 1 and 10, reveals the presence of four superimposed bands (Fig. 
4).  In general the band centred at ≈ 3075 cm-1 is interpreted as the CO32—H2O 
bridging mode of carbonate and water in the interlayer [13-15].  The second band at ≈ 
3260 cm-1 is assigned to hydrogen-bonded interlayer water.  The remaining two bands 
at ≈ 3453 and 3575 cm-1 represent different M-OH stretching modes, where M-OH 
represents the coordination that it most likely resembles.  The band at higher 
wavenumber is allocated to Zn-OH, since Zn has a higher mass number than Cr, 
taking into consideration that the bond lengths for Zn-OH and Cr-OH in the 
hydrotalcite-type structure are the same [16].  It is pointed out that the bands in 
sample 10 are much sharper and more intense, in particular the band associated with 
the interlayer water.  It is inferred that in this sample the hydroxyl species are more 
ordered and contribute to this samples increased crystallinity.     
 The samples which were found to consist of the same phase in the XRD data 
(1-7), are observed to show similar spectral features in the mid and low frequency 
regions of the infrared spectrum.  These samples show a weak broad band centred at ≈ 
1630 cm-1, ascribed to the hydroxyl deformation mode of water (ν2).  Band 
component analysis of the most prominent feature in this region, between 1225 and 
1525 cm-1, reveals the presence of three superimposed bands, one sharp and two 
broad (Fig. 5).  The two broad bands at 1360 and 1430 cm-1 (sample 3) are assigned to 
the antisymmetric stretching mode of the carbonate species present in the interlayer 
region.  This band is notably observed at a lower frequency than that expected for the 
free carbonate ion (1415 cm-1) and is also split into to bands (ν3 and ν3a) [16,17].  
These effects are due to the interaction of the carbonate ions with the water 
molecules, also present in the interlayer region, which leads to the loss of freedom and 
results in a decrease in the symmetry of the carbonate ion.  The sharper band at ≈ 
1385 cm-1 is associated with the antisymmetric stretching mode of nitrate (ν3).  Since 
the XRD pattern showed no signs of the presence of crystalline nitrate (NaNO3) as an 
impurity, it is concluded that some nitrate is also present in the interlayer region 
(metal nitrates were used in the synthesis).   
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 Band component analysis of sample 10 (Fig. 5b) reveals the same bands as 
for the previous sample/phase.  The primary difference between the two spectra is in 
the intensity of the nitrate band, which is for sample 10 slightly more intense.  It is 
also observed that the antisymmetric stretching modes of carbonate are closer 
together, due to slightly different interactions imposed on the carbonate species.   
 At the low-wavenumber region of the infrared spectrum, a complex system 
of many superimposed bands exists for all samples.  Band components analysis of this 
region for sample 1 and 10 reveals the complexity of it (Fig. 6).  The carbonate out-
of-plane bending mode (ν2) and in-plane bending mode (ν4) are observed at 860 and 
675 cm-1, respectively.  The carbonate symmetric stretching mode (ν1), usually 
infrared inactive, is observed as a very weak band at ≈ 1050 cm-1, due to the decrease 
in symmetry.  Other bands present in this region are associated with M-OH 
deformations and translations, and nitrate bands.  The assignment of these bands, and 
all other infrared bands, is summarised in Table 1. The results of these assignments 
reveal that there is no CrO42- in sample 10, or any other sample [1,3].  This evidence 
rules out the possibility of incorporation of chromate ion into the interlayer region, 
particularly for the phase prominent at low pH.   
 Spectral subtraction of the two phases (sample 10 – sample 2) indicates the 
major differences between them (Fig. 7).  Sample 10 is reported to have a smaller 
band centred at ≈ 3300 cm-1, indicating less coordinated hydroxyls than the other 
phase.  It was reported that the hydroxyls in the brucite-type layers, of sample 10, are 
more ordered, it is concluded that there is less water in the interlayer.  Further 
evidence lies in the band assigned to the deformation mode of water as there appears 
to be less in this sample, however, according to Fig. 3 the band in this phase is much 
sharper.  Without a doubt the most important observation reported from the spectral 
subtraction is that there is more carbonate present in sample 10.  Carbonate is only 
present in the interlayer and since like charges repel each other, it is reasoned that the 
presence of more carbonate would lead to an increase in the interlayer distance and an 
increase in the overall unit cell in agreement with the XRD results.  Furthermore, the 
presence of more carbonate would indicate that there would be less room for the water 
in the interlayer region, as expected this effect is observed in the thermogravimetric 
analysis.  
 Fig. 8 shows the low-wavenumber region of the Raman spectra of all Zn/Cr- 
hydrotalcites.  Unfortunately, the high-wavenumber region could not be measured due 
to extensive fluorescence.  All samples show bands at ≈ 470 and 550 cm-1 which are 
allocated to the Cr-OH and Zn-OH translations, respectively, but are probably a 
combination of both.  The next prominent feature in the spectrum of all samples is at 
≈ 1050 cm-1.  This band is very intense and sharp, and is assigned to the symmetric 
stretching mode of carbonate (ν1)  [8].  A majority of the samples show a broad base 
to this band and in some cases it is more of a shoulder at a slightly higher frequency, 
assigned to the splitting of the symmetric stretching mode of carbonate.  Similar to the 
ν3 in the infrared study, this is again evidence of the lowering of the site symmetry of 
the interlayer carbonate ion.  The next band at ≈ 1190 cm-1 is ascribed to the nitrate 
symmetric stretching mode (ν1).  This peak is broad and in most cases less intense 
than the corresponding carbonate band.  Similar to the ν1 mode of the carbonate 
species this peak is the result of the splitting of the symmetric stretching mode into 
two bands, and indicates a lowering of the site symmetry compared to that of the free 
ion.  This evidence further confirms that the nitrate species is residing in the interlayer 
region of all samples.  The final peak centred at ≈ 1550 cm-1 is a very broad and 
intense band.  Band component analysis (Fig. 9) of this region reveals several 
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superimposed bands, as a result of the deformation mode of water (ν2), and the 
antisymmetric stretching mode of both carbonate and nitrate (ν3).  The assignment of 
all bands is summarised in Table 2.  
 The UV-Vis diffuse reflectance spectrum of all samples is shown in Fig. 10.  
Several studies have reported the UV-Vis spectra of hydrotalcites containing 
chromium, however, the chromium species in most of these studies is incorporated in 
the interlayer region as chromate [2,3,18-21].  The chromium (Cr3+) present in this 
series of samples is incorporated in the brucite-type layers, in an octahedral 
environment, where six hydroxide molecules surround it.  For this species there are 
three spin-allowed transitions and a number of spin-forbidden transitions for a ground 
term of 4A2g (Cr3+), which are observable in the UV-Vis spectrum [22].  In the spectra 
recorded only two transitions should be and are observed, as the third is outside the 
UV-Vis spectral range measured.  These bands are designated to the transitions 4A2g  
→  4T2g  and 4A2g  →  4T1g  (4F) and are recognised to be in similar positions as the 
spin-allowed transitions of natural stichtite {Mg6Cr2(OH)16CO3.4H2O} and other Cr3+ 
complexes where the chromium occupies an octahedral position [2,20,22-25].  The 
4A2g  →  4T2g transition has a band on either side, the one at ≈ 17000 cm-1 is assigned 
to the spin-forbidden transition 4A2g  →  2Eg (phosphorescence)  [22].  This transition 
is reported to gain intensity by spin-orbit coupling with the higher energy 4T2g state, 
enabled by a vibrational mode. However, it has been argued that these two states are 
in fact mixed [22].  The band at higher energy (≈ 18400 cm-1) is associated with the 
splitting of the 4T2g state.  This splitting can be explained, since Cr3+ is present in an 
octahedral position in the brucite-type layers there would be two different average 
OH-OH bond distances, reported to be 0.273 and 0.311 nm, resulting in trigonal 
symmetry (point group D3d) of the Cr3+ [2,26].  It has been reported that the Cr(OH)6 
coordination octahedra is compressed along the threefold main axis of rotation, thus 
lowering the symmetry [2,27,28].  In a similar manner as with the infrared and Raman 
studies the lowering of symmetry results in the splitting of the 4T2g  term, giving rise 
to band broadening.  This study also shows that only chromium (III) is present and 
that no chromate (Cr6+) is present; chromate is a tetrahedral complex with a ground 
state 1A1 and consequently would exhibit different transitions at different energies 
[21].  There is not a major difference between the spectra of the different samples, 
where the band positions only slightly vary in energy.   
 
3.2 Effect of the Ratio of Divalent/Trivalent Metal ion on  Zn/Cr-hydrotalcite 
 
 The ratio on divalent/trivalent metal cation was varied from 3 to 1 at pH = 10 
(samples 1-9) and pH = 4 (samples 10 –18).  This variation dramatically affected the 
colour of the compounds produced.  The samples prepared at pH = 10 varied from 
lilac to blue purple to grey blue and finally grey green at ratios of 3; 2; 1.25 and 1, 
respectively.  The samples prepared at pH 4 varied from purple to greyish purple to 
grey blue and finally grey green, at a ratio of 3; 2.25; 1.5 and 1, respectively.   
 The XRD pattersn of theses samples (1-18) are shown in Fig. 11.  The 
samples prepared at pH = 4 (samples 10-18) are more crystalline than the samples 
prepared at pH = 10 (samples 1-9).  The primary difference in the patterns of the 
samples prepared at both pH values is that with decreasing ratio, although the position 
remains essentially the same, the crystallinity decreases.  The samples prepared at a 
ratio of 1 (1 and 10) have peaks that are quite broad and not very intense compared to 
the samples at a ratio of 3 (9 and 18), showing little evidence of being crystalline let 
alone a hydrotalcite in nature.  These two compounds were reported to be a grey green 
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colour and most likely to contain a large amount of amorphous chromium hydroxide 
[4].  It is also pointed out that in both series of samples, at pH = 4 and 10, a ratio of 3 
for divalent/trivalent cations yields the most crystalline hydrotalcite-type material and 
is reported to be the optimum ratio for synthesis of Zn/Cr hydrotalcites.  Although 
ratios of 2.75 – 2.0 yields crystalline hydrotalcite-type materials it is not 
recommended to prepare these compounds at a ratio below 2.75 as the crystallinity is 
strongly diminished in these hydrotalcites.  The sample prepared at basic pH (10), 
similar to the pH-varied samples, shows evidence of the presence of ZnO as an 
impurity.  For optimum synthesis of Zn/Cr hydrotalcites a ratio of 3 for the 
divalent/trivalent metal cations and pH value of 4 are reported to be ideal synthesis 
conditions, yielding crystalline and highly pure hydrotalcite-type materials.   
 The infrared spectra of the samples prepared with variable divalent/trivalent 
cation ratio are shown in Fig. 12.  These spectra are similar to the previous group of 
samples varied in pH.  Both groups of samples (pH = 4 and 10) show that at a lower 
metal ion ratio (sample 1), the hydroxyl band, at high wavenumbers, tends to get 
weaker and more broad (sample 1 and 10), indicating a less ordered material exist at 
this ratio.  Similar to the infrared study of the pH-varied samples, the carbonate band 
is very intense with a broad base, however, in the samples prepared at pH = 10 the 
base is more of a shoulder.  This difference is due to the carbonate antisymmetric 
stretching mode (ν3 and ν3a) being further apart, as a result of different bonding in this 
ample series.  It is noted that with decreasing ratio, the band associated with nitrate ν3 
becomes very intense and sharp, at both pH values.  In the lower-wavenumber region 
of samples 18-10 the band at ≈ 820 cm-1 becomes more prominent with decreasing 
ratio.  This band is assigned to the deformation mode of Cr-OH.  Although the other 
series appears to have a band at this frequency, it is less intense and broader.  Another 
difference lies in the band at ≈ 540 cm-1, which is reported to get less intense with 
decreasing ratio, assigned to the translational mode of Zn-OH.  This observation is 
consistent with the idea that at low ratio more Cr(OH)6 would be present. 
 It was originally thought that by varying the metal ratio, at the various pH 
values, would induce a change in the Cr3+ chemistry.  The UV-Vis spectra of the two 
series (Fig. 13) show that although the band position and intensity slightly varies, all 
spectra generally exhibit the same features.  The UV-Vis spectra reveals three 
transitions  4A2g  →  4T2g (doublet) and 4A2g  →  4T1g  (4F) and a spin-forbidden 
transition 4A2g  →  2Eg, consistent with the previous group of samples with variable 
pH.  In light of the UV-Vis and infrared data, it is reported that although crystallinity 
and purity changes with different metal ion ratios, the Cr3+ ion remains in an 
octahedral position in all cases.   
 
3.3 Effect of the Hydrothermal Treatments Zn/Cr-hydrotalcite 
 
 A sample prepared under basic conditions and having a divalent/trivalent 
ratio of 3 was chosen for hydrothermal treatment.  Previous studies showed that when 
a Zn/Al hydrotalcite, containing ZnO impurities, prepared at basic pH, undergoes 
hydrothermal treatment, the formation of highly crystalline ZnO and other non-
hydrotalcite phases is favoured [8].  Fig. 1 shows the effect of treating Zn/Cr 
hydrotalcite, which contains ZnO impurities.  This pattern reveals that the sample is 
primarily composed of Zn-O, consistent with other studies.  This result confirms that 
pH = 4 is the preferred pathway for synthesis as ZnO is soluble under acidic 
conditions, and competes with the formation of hydrotalcite-type material.. 
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4. Conclusions 
1. By optimisation of the experimental parameters, samples with a high crystallinity 
can be obtained.   
 
2. The sample prepared at pH 4 contained less water and more carbonate in the 
interlayer region in.  The increased number of carbonates ions increases the repulsive 
charges and leads to an increase in the interlayer distance and an increase in the 
overall unit cell, in this particular phase.   
 
3. Whilst pH does have an effect on the synthesis products, the hydrotalcite structure 
remains intact within the pH range tested.  It was also observed that at pH > 6 the 
hydrotalcite is in competition with the formation of ZnO.  It is inferred that acidic 
conditions are preferred for the synthesis of Zn/Cr-hydrotalcites to optimise purity, 
crystallinity and thermal stability.  Hydrothermal treatment confirmed that synthesis 
under acidic conditions as the preferred pathway, as when samples prepared at high 
pH are treated ZnO becomes the prominent phase. 
 
4. It is noticed that the samples prepared at low pH tended to yield more crystalline 
compounds, at the different ratios, than their counterparts prepared at higher pH.   
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Figure captions 
 
Fig. 1. XRD pattern of samples 1-7 in order of decreasing pH; a) >12, b) 12, c) 11, 
d) 10, e) 9, f) 8, g) 7, h) 6, i) 5, j) 4, and k) hydrothermal sample prepared at basic pH.   
Fig. 2. Thermal analysis of Zn/Cr hydrotalcite samples 2, 5, 8-10. 
Fig. 3. FTIR spectra of all synthetically prepared samples 1-10, showing the effect 
of pH value. 
Fig. 4. Band component analysis of the OH-stretching region of the infrared 
spectrum of synthetic Zn/Cr-hydrotalcite samples 1(a) and 0 (b). 
Fig. 5. Band component analysis of the CO32- antisymmetric stretching mode (ν3) 
in the infrared spectrum of synthetic Zn/Cr hydrotalcite samples 3 (a) and 10 (b). 
Fig. 6. Band component analysis of the lower wavenumber region (425 – 1125 cm-
1) of the infrared spectrum of Zn/Cr hydrotalcite samples 1 (a) and 10 (b). 
Fig. 7. Infrared difference spectrum obtained by subtraction of the spectrum of 
sample 2 from the spectrum of sample 10. 
Fig. 8. Raman spectra of all synthetically prepared Zn/Cr hydrotalcites. 
Fig. 9. Band component analysis of the band centred at ≈ 1550 cm-1 in the Raman 
spectra of sample 10. 
Fig. 10. UV-Vis diffuse reflectance spectra of Zn/Cr hydrotalcites prepared at 
different pH values. 
Fig. 11. XRD pattern of samples 1-18 with variable metal ion ratio.  Samples 1-9 
prepared at pH = 10 and samples 10-18 prepared at pH = 4. 
Fig. 12. FTIR spectra of all synthetically prepared samples 1-18, showing the effect 
of variable metal ion ratio. 
Fig. 13. UV-Vis diffuse reflectance spectra of synthetically prepared Zn/Cr 
hydrotalcites prepared with variable metal ion ratio. 
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Table 1.   
Infrared wavenumbers (cm-1) and assignments of the various modes of vibration 
between 4000 and 400 cm-1 for samples 1, 3 and 10. NI – not identified in the spectra 
recorded. 
 
1 3 10 Suggested assignment 
3450 3440 3440 Hydroxyl stretching modes; CO32—H2O, H2O, Zn-OH 
and Cr-OH 
1626 1635 1630 Deformation mode of water (ν2) 
1470, 1353 1430, 
1360 
1422, 1369 Carbonate antisymmetric stretching modes (ν3, ν3a) 
1384 1384 1385 Nitrate antisymmetric stretching mode (ν3) 
NI NI 1051 Carbonate symmetric stretching mode (ν1) 
940 923 951 Zn-OH deformation mode 
889 NI 890 H2O rocking 
851 867 860 Carbonate out of plane bending mode (ν2) 
839 838 837 Nitrate out of plane bending mode (ν2) 
792 790 803 Cr-OH deformation mode 
737 735 727 Nitrate in of plane bending mode (ν4) 
673 693 675 Carbonate in of plane bending mode (ν4) 
542 541 612, 533 Zn-OH translation 
569, 514 571, 513 568, 507 Cr-OH translation 
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Table 2.   
Raman wavenumbers (cm-1) and assignments of the various modes of vibration 
between 1800 and 400 cm-1 for samples 1, 3 and 10. NI – not identified in the spectra 
recorded. 
 
1 3 10 Suggested assignment 
471, 539 458, 539 466, 536 Cr-OH and Zn-OH translational mode 
649 653 647 Carbonate in plane bending mode (ν4) 
NI NI 723 Nitrate in plane bending mode (ν4) 
NI 754 769 Cr-OH deformation mode 
849 841 841 Carbonate out of plane bending mode (ν2) 
NI NI 969 Zn-OH deformation mode 
1057 1061 1056 Carbonate symmetric stretching mode (ν1) 
1194 1198 1193 Nitrate symmetric stretching mode (ν1) 
1532 1538 1541 Carbonate and nitrate antisymmetric stretching 
mode ν3 and deformation mode of water (ν2) 
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Table 3.   
Band positions (in cm-1) within the UV-Vis diffuse reflectance spectrum for samples 
prepared by variable pH values.   
 
1 3 5 8 9 10 Assignment 
25 100 25 400 25 200 25 400 25 300 25 400 4A2g             4T1g  (4F) 
19 200 
18 200 
19 200 
18 400 
19 100 
18 200 
19 300 
18 400 
19 100 
18 400 
19 200 
18 300 
4A2g             4T2g  
17 300 17 100 17 300 17 000 17 100 17 000 4A2g             2Eg  
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